Introduction
============

Background
----------

Video games have been creating engaging experiences for entertainment purposes since 1970s. As computing power has continued to advance over the years, the sound, graphics, and complexity of video games have improved to create more stimulating experiences, and the application of games has expanded beyond entertainment to areas, such as education and health.

The use of biofeedback plays a key role in the form of video game treatment because it provides a quantitative measure of physiological state. Moreover, the use of real-time biofeedback provides a method that monitors changes in the effect of an individual during game play. By analyzing these changes and using the analysis results to influence the game, it is possible to regulate a person's physiological metrics toward a specific state or to modify their behavior \[[@ref1]\].

In this study, we aimed to use video game technologies, including motion graphics and emotionally charged scenarios, to explore the relationship between eye movements as well as game play and brain wave activities. Eye movement is involved in memory recall and disruption of normal eye movement patterns that form the basis of eye movement desensitization and reprocessing (EMDR) therapy, wherein forced eye movements activate neurological pathways to treat the participant \[[@ref2]-[@ref5]\]. Designing similar eye movement activities into video game play could create a more engaging experience for the user.

Games Designed to Improve Health
--------------------------------

The experiences created by video games activate mental processes that regulate the autonomic nervous and endocrine systems; for example, in-game situations that induce fear activate the sympathetic nervous system and the endogenous production of adrenaline, cortisol, and norepinephrine.

Thus, video games provide a possible alternative to prescribing pharmaceuticals for treating behavioral and neuropsychiatric disorders. By entraining somatic awareness and behavioral skills acquired via game experience, individuals can slightly moderate their behavior in real-life situations and create a positive lifestyle change. Video games have been used in a beneficial manner to help treat overweight-related behaviors \[[@ref6]\], prevention of alcoholism in adolescents \[[@ref7]\], and posttraumatic stress disorder (PTSD) \[[@ref8],[@ref9]\].

By specifically designed games to immerse a participant in a virtual reality environment, the PTSD symptoms of war veterans can be significantly reduced \[[@ref8]\]. Instead of placing them in a potentially harmful situation, this will highlight the underlying negative cognitive patterns in a safe way. It has also been demonstrated that playing the video game *Tetris* for a short period of time immediately after an emotional experience can reduce its psychological impact \[[@ref10]\]. In this experiment, after viewing traumatic materials, the unwanted, involuntary memory flashbacks of the participants who played *Tetris* for 10 minutes reduced.

Playing video games that promote learning sequences have reduced attention deficit hyperactivity disorder (ADHD) symptoms. Weerdmeester et al have found that 73 children with elevated ADHD symptoms improved in several areas with only a short amount of gameplay (1.5 hours) compared with those who played a game without ADHD-focused training components \[[@ref11]\]. Peijnenborgh et al have developed a computer game called *Timo's Adventure* as an assessment tool for cognitive functions and tested its validity in normal developing children and children with ADHD \[[@ref12]\]. The result has shown that the game could be a valid tool in assessing specific strengths and weaknesses of young children with ADHD. Meanwhile, Bul et al \[[@ref13]\] have designed and implemented a serious game called *Plan-It Commander* as an adjunct to treatment for children with ADHD. They have found that several skills of the participants who received a serious game intervention significantly improved.

Previous studies have shown that PTSD and ADHD are correlated to brain activity. Veterans with PTSD are more likely to have decreased alpha power and increased beta power \[[@ref14]\]. In individuals with ADHD, the aim is to decrease the theta band and increase the beta band, which corresponds to an alert and focused but relaxed state \[[@ref15],[@ref16]\]. The horizontal eye movement training can also increase alpha amplitude and decrease delta amplitude, correlating with the subjective improvement of sleep quality and well-being as well as a sense of optimism \[[@ref17]\].

Eye Movement
------------

To explore the relationship between eye movements as well as game play and brain wave characteristics, the basic concepts of eye movement must first be understood. Mental processes stimulate all eye movements. Neurological activities, such as memory access, correlate to specific eye movement patterns.

Dilts et al has used electrodes to track both the eye movements and brain wave activities of participants who were asked to answer a series of questions about sight, sound, or kinesthetic feelings \[[@ref2]\]. Specific eye movements were found to be correlated with brain activity during different cognitive tasks with shifts in eye movements directly relating to the part of the brain they were using; for example, lateral eye movements to either side are an indicator of internal auditory activity (ie, remembered sounds and words). Eye movements down and to the left are found to indicate internal dialogue or inner self-talk. Upward eye movements to either side are believed to indicate internal visual activity (ie, constructed imagery and visual fantasy). Moreover, Dilts et al has pointed out that for left-handed individuals, the down left and are merely reversed in this model.

EMDR is a form of psychotherapy that has been designed to relieve the symptoms of traumatic events, such as accidents, experiences in military combat, or rape. Shapiro has found that distressing or disturbing thoughts could be eliminated with the pairing of diagonal upward to and fro eye movements \[[@ref3]\]. In a study involving 70 individuals, a procedure that involved the use of various eye movements and the patients' distressing thoughts and images were used to unblock stalled emotional processing. Despite the fact that it is a relatively new treatment, studies have shown that the effectiveness of EMDR is similar to that of the more traditional trauma-focused cognitive behavioral therapy (CBT) in the treatment of PTSD in adults \[[@ref4]\]. In addition, EMDR therapy has helped manage previously untreatable cases of PTSD \[[@ref5]\].

EMDR is a therapy that influences emotional processing via eye movement, and using the basic principles of game design will influence the user's emotions and memories. Electroencephalogram (EEG) measures the underlying physiological responses to eye movement therapy. Biofeedback can be used to stimulate eye movements toward specific brain states and explore its implications on memory, emotions, and engagement.

Electroencephalography Technology
---------------------------------

An EEG reading measures the action potentials occurring on the cortical surface of the brain due to neural activation, thus providing brain activity measurement. Temporal and spatial activities correlate to specific mental states, as listed below:

1.  *Delta (1-4 Hz)*: Deep sleep and unconscious processes, such as fatigue or trance

2.  *Theta (4-8 Hz)*: Daydreaming, creativity, intuition, memory recall, emotions, and sensations

3.  *Alpha (8-14 Hz)*: Cortical inactivity and mental idleness as well as demand of attention

4.  *Beta (14-30 Hz)*: Frontal cortex and cognitive processes, decision making, problem solving, and information processing

EEG studies have found increased frontal and parietal alpha power activities during a racing game \[[@ref18]\] and elevated theta activity during long gaming tasks \[[@ref19]\]. Nacke et al compared 3 different level design conditions (boredom, immersion, and flow) by measuring the patterns of EEG spectral power \[[@ref20]\]. The result has indicated that the immersion-level design elicited more activity in the theta band. Rani et al analyzed 3 levels of intensity for different emotions based on the EEG data obtained using the *Pong* game and anagram puzzles \[[@ref21]\]. Sourina et al used EEG signals to continuously assess the emotional state of players and developed the game for stress management called *Pipe* \[[@ref22]\]. Using EEG signals, Chanel et al assessed 3 different emotions (boredom, engagement, and anxiety) corresponding to 3 difficulty levels of *Tetris,* and the accuracy increased up to 63% \[[@ref23]\]. Ravaja et al showed that different EEG data are triggered by wounding and killing events in a digital console game; for example, wounding resulted in an increase in occipital theta activity \[[@ref24]\].

These results motivate us to test the following 2 hypotheses in this study: H1, the beta power will increase with playing the EMDR game and H2, the theta power will decrease with playing the EMDR game.

Methods
=======

Game Design and Development
---------------------------

We designed a video game called *Lifeguard* to induce eye movements, as shown in [Figure 1](#figure1){ref-type="fig"}, to create more engaging experience among eye movement processes. During the game play, the players need to stare at the floating targets, which will provoke 4 different eye movement modes, including *right-left, up-down, up right-up left, and down right-down left*.

A player rescues the floating target by clicking on it, and each click will decrease a life buoy number. They must decide if it is the right time to throw the life buoy out to rescue the floating, whereas the rescuing of humans and animals will bring reward points. However, other things, such as fish, will just waste the limited number of life buoys. If they click on other places in the screen, the life buoy will be wasted as well. Different targets will bring different numbers of reward. Some particular targets will bring extremely high reward points, such as a baby and old man, and this randomization will increase the fun of surprise and variation for the whole process of game play. There is also a time limit of 10 minutes for each game session. The game will be over when the number of life buoys becomes zero or the player runs out of time. In addition, the goal of the game is to get maximum possible reward points via rescuing targets within the limit of both life buoy number and time. A summary will show the record of the players in this game session, including reward points and the total number of targets rescued, which can be compared across different sessions or different players.

We finished the design document of *Lifeguard* and collaborated with a game company to do the art and coding work for this game. Meanwhile, we oversaw the whole process. A playable iOS version of *Lifeguard* has been launched, and it can be run on the platform of iPad or iPhone, as shown in [Figure 2](#figure2){ref-type="fig"}.

Electroencephalogram Measurement of the Eye Movement Game
---------------------------------------------------------

To better understand the physiological mechanism behind eye movement, real-time biometric measurement is used to monitor the participants while playing the video game. We recorded brain activity using 64 electrodes during the duration of game play, allowing us to track what eye movements stimulate the brain and what kind of brainwaves are being produced.

![Screenshot of *Lifeguard*.](games_v6i3e16_fig1){#figure1}

![Playing *Lifeguard* on an iPad.](games_v6i3e16_fig2){#figure2}

In particular, we wanted to the compare eye movement game with *Tetris* because a previous study has shown that Tetris can be used for the treatment of PTSD \[[@ref10]\]. The experiment was designed to examine if the EMDR-based game will stimulate different measurable brain wave patterns compared with the commercial game *Tetris*. We mapped out the differences in EEG spectral power activity for the alpha, beta, theta, delta, and gamma frequency bands evoked by the 2 games. The version of *Tetris* used herein is from the Apple Store \[[@ref25]\].

Experimental Design
-------------------

We used a repeated-measures within-subject design with game playing as an independent variable in 2 conditions (*Lifeguard* and *Tetris*). Each participant played 2 games in a random order (a sequence of AB or BA) to eliminate sequence effects. The dependent variables included the collected and estimated EEG spectral power.

With the use of electrodes attached on a player's scalp, EEG will determine the electrical impulses generated by the brain during a given sequence. EEG readings obtained real-time workable measures of engagement and emotion corresponding to different sequences represented in the game. Typically, an EEG measures the voltage recorded between the electrodes placed in standard position on the scalp. As shown in [Figure 3](#figure3){ref-type="fig"}, we measured brain activity using 64 scalp pin-type active electrodes and with common mode sense active electrode and driven right leg passive electrode that is equivalent to ground electrodes. Each electrode is letter coded to indicate its position when distributed over the head, such as frontal, parietal, temporal, occipital, or central. Electrooculogram and video-oculography are recorded to correct artifacts from eye movements by placing flat-type active electrodes on the lift and above and below the lift eye. The raw EEG signal is captured with the ActiView acquisition software.

Participants
------------

Overall, 11 healthy participants were recruited from the Hong Kong Polytechnic University, and they completed the experiment in the EEG laboratory in the School of Design of Hong Kong Polytechnic University. The participants included 7 women and 4 men aged 24-30 years. All 11 participants are right-handed, and they have experience in playing video games.

Procedure
---------

First, the participants were asked to fill out a pre-experiment questionnaire about their demographic characteristics, such as gender and age, and game experience. Before the experiment, the instructor provided a brief introduction about the experiment and EEG measurement. The participants were then asked to seat in a comfortable sofa, and the electrodes were then attached. The participants were asked to relax for approximately 3 minutes, during which the baseline recordings were obtained. Then, the participants played 2 game sessions each for approximately 7-10 minutes (maximum time) on an iPad with the EEG measurement.

![Position of 64 electrodes.](games_v6i3e16_fig3){#figure3}

Results
=======

Raw EEG signals were processed using the BESA software (Besa GmbH, Gräfelfing, Germany). The average power estimates were calculated using fast Fourier transformation with the following frequency bands: delta, 1-4 Hz; theta, 4-8 Hz; alpha, 8-14 Hz; beta, 10-30 Hz; and gamma, 30-50 Hz. The spectral power estimates were then averaged for all 64 electrodes for each frequency band.

A series of *t* test was performed to examine the differences across all 5 band power averages with 2 games as independent variables and different frequency bands as dependent variables. As shown in [Figure 4](#figure4){ref-type="fig"}, the eye movement game decreased the delta frequency bands, whereas the score of alpha bands was extremely similar. However, as indicated in [Table 1](#table1){ref-type="table"}, no statistical significance was revealed.

![Electroencephalogram frequency of *Lifeguard* and *Tetris* playing.](games_v6i3e16_fig4){#figure4}

###### 

*t* test of electroencephalogram frequency.

  -------------------------------------------------------------
  Frequency and game   Mean^a^       *t* test   *P* value   
  -------------------- ------------- ---------- ----------- ---
  **Delta**            \             0.60       .57         

  \                    *Lifeguard*   13.73      \           \

  \                    *Tetris*      16.50      \           \

  **Theta**            \             1.06       .32         

  \                    *Lifeguard*   3.94       \           \

  \                    *Tetris*      5.00       \           \

  **Alpha**            \             0.91       .39         

  \                    *Lifeguard*   2.80       \           \

  \                    *Tetris*      3.37       \           \

  **Beta**             \             0.29       .78         

  \                    *Lifeguard*   3.40       \           \

  \                    *Tetris*      3.68       \           \

  **Gamma**            \             −0.86      .41         

  \                    *Lifeguard*   3.73       \           \

  \                    *Tetris*      5.23       \           \
  -------------------------------------------------------------

^a^Mean: all the values indicate average power calculated.

Discussion
==========

We designed and implemented *Lifeguard* based on eye movements, and the EEG results of the players of this game were compared with those of the players of *Tetris*. However, we did not find a significant difference in the EEG frequency stimulated by playing *Lifeguard* and *Tetris*. Our results did not support H1 and H2. However, we have observed some trends that could be used as a basis for future research.

When interpreting biometric data collected from game playing, it is important to understand the relationship between mental processes and body responses. The players' body is still present in the real world while playing a video game; therefore, it responds to specific in-game elements and external activities, anticipation, or something not otherwise observed. Thus, the physiological response to video games is a many-to-one relationship, wherein one body response may be associated with several mental effects or processes \[[@ref26]\]; for example, when recording the biometric data of a player, room temperature, movement, drugs, and noise may influence brain waves and bring contextual bias in the interpretation of the result. Without a higher degree of experimental control, it will be difficult for researchers to make assumptions about the players' mental processes based on their body responses \[[@ref27]\].

This study only used *Tetris*, which is a visual space game. For future research, more video games, such as action, puzzle, and shooting games, may be compared with *Lifeguard* to explore their difference. In addition, further studies should be conducted to compare the EEG features of different eye movement modes stimulated by game playing, such as horizontal moving and vertical moving.

The use of games in exploring the relationship between eye movement and brain wave activities can also lead to improved eye movement techniques for existing treatments, such as EMDR, or new techniques to treat other ailments or disabilities.
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